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TESTS OF AERODYNAMICALLY HEATED MULTIWEB WING STRUCTURES 

I N  A m E  JET AT MACH NUMBEX 2 

FOUR A U " - A L L O Y  MODELS OF 20-INCH CHORD AND SPAN 

WITH 0.064-INCH-THICK SKIN,  0.025-INCH-THICK 

RIBS AND WEBS, AND ZERO, ONE, "NO, OR 

THREE CHORDWISE RIBS 

By John R .  Davidson,  Richard  Rosecrans, 
and  Louis  F.  Vosteen 

SUMMARY 

Four multiweb wing models  were t e s t e d  a t  a Mach number of 2 i n  a 
f r e e   j e t   t o   i n v e s t i g a t e   s t r u c t u r a l   e f f e c t s  of  aerodynamic heating  and 
loading. The models had a 20-inch  chord  and  span; a 5-percent-thick, 
c i r cu la r - a rc   a i r fo i l   s ec t ion ;  and three,  two,  one, or  zero  chordwise 
in t e rna l   s t i f f en ing   r i b s .  Each aluminum-alloy model had  0.064-inch- 
thick  skins,   six  0.025-inch-thick spanwise webs, and  0.025-inch-thick 
t i p  bulkheads. The model with no in te rna l   r ibs   surv ived   the  first test  
a t  sea- leve l   s ta t ic   p ressure  and a stagnation  temperature  of 9 3 O  F, but 
failed  during  the  second test  a t  a Stagnation  temperature of 563O F. 
The other models survived a l l  tests. Temperature  and strain measurements 
were made on a l l  models and the data were tabulated.  Calculated stresses, 
determined  from the  temperature  distribution on the model with one r i b ,  
are compared with  the stresses determined from measured s t r a i n s .  The 
tests showed that   the   addi t ion  of  a s ing le   r ib   main ta ined   suf f ic ien t  
s t r u c t u r a l   i n t e g r i t y  t o  prevent   f lu t te r  after lo s s  of stiffness caused 
by thermal stress and  reduced modulus of e l a s t i c i t y  a t  elevated  tempera- 
tu res .  Modes determined  from  laboratory  vibration tests without  heating 
show that the  addition of  only one r i b   n e a r l y  doubles  the  lowest  frequency 
a t  which cross-sectional  distortion  occurs.  i 
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IN?IRODUCTION 

This is part of a ser ies  of reports  describing tests conducted by 
the Langley Structures Research  Division to   invest igate   the  effects  of 
combined aerodynamic heating and loading on built-up wing s t ructures .  
Aerodynamic heating  can  reduce  structural   st iffness by lowering  material 
moduli  and  inducing  thermal  stresses.  Previous  papers  (refs. 1 t o  4) 
describe the tests on the first seven models i n  this ser ies .  The first  
model (model MW-1) w a s  of 40-inch  chord  and seaspan  and f a i l e d  during 
a t e s t   i n  which the s t ructure  w a s  subjected  to aerodynamic heating. The 
second model (model MW-2) was essent ia l ly  a half-scale  version of 
model MW-1 and  had a 20-inch  chord and  semispan; t h i s  model a l so   f a i l ed  
under similar tes t   condi t ions.  Both models were t e s t ed  a t  a Mach  number 
of  2  and a stagnation  temperature  near 500° F, and  both  developed f l u t t e r  
involving  cross-sectional  distortion which ended w i t h  the  destruction of 
the models. Addit ional   tes ts  were made on models of the -W-2 design t o  
obtain  pressure data and to   invest igate   the  effect  of angle of a t tack on 
the f l u t t e r  mode. (See ref. 5 .  ) Model MW-4 differed from model MW-2 
only i n  the thickness of t h e   t i p  bulkhead (0.025 inch  thick  for model MW-4 
and  0.250 inch  thick  for  model MW-2); model MW-4 f a i l e d   i n  a manner similar 
t o  that of models MW-1 and MW-2. The remaining models (MW-3, MW-5, MW-6, 
and MW-7) sur'vived similar tests. 

The f l u t t e r  and failure of models MW-2 and "-4 indicated  the need 
for   addi t ional   ini t ia l   s t i f fness   to   maintain  suff ic ient   s t ructura1.resis-b-  
ance t o   f l u t t e r  after aerodynamic heating had lowered the material moduli 
and thermal s t resses  had changed the   s t i f fness  of the  built-up wing 
structure.  (See r e f s .  6 and 7. ) Consequently, the design of model MW-4 
was modified by the  addition of one, two, and three chordwise ribs i n  
models designated MW-18, MW-17, and MW-16, respectively.  In  addition, 
another model i den t i ca l   t o  model "-4, and designated  M"4-(2), w a s  
included i n   t h e   t e s t  program covered i n  this report .  These models were 
tested t o  measure model temperature and s t ra in   d i s t r ibu t ions ,   to  confirm 
the  previous  conclusion  that aerodynamic heating  contributed  to  the fail-  
ure of model MW-4, and to  evaluate  the  effectiveness of chordwise ribs i n  
preventing  distortion of the cross  section. The e f fec ts  of  chordwise ribs 
are  discussed, and an attempt i s  made to   co r re l a t e  measured stresses  with 
calculated  stresses.  

R radius, in .  

T temperature, O F  



normalized  temperature, OF; Tb* = R ( T  - ) To b + To,a 
't - To b 

T t  stagnation  temperature, O F  

T O  i n i t i a l  temperature  (model), O F  

U angle of a t tack,  deg 

Subscripts: 

a test  conditions  experienced by  model MW-18 during i t s  f i r s t  
t e s t  

b tes t   condi t ions  or  model temperatures  under  consideration 

Stress ,   expressed  in   psi   or  k s i ,  i s  posi t ive  for   tension and i s  
negative  for compression. 

MODELS 

Model Construction 

Each semispan wing model had  a 5-percent-thick,  symmetrical,  circular- 
a r c   a i r fo i l   s ec t ion  and was constructed from 2024-T3  aluminum alloy  with a 

v 

20-inch  chord  and 2 g  - inch  span of which l 9 l  inches  extended  into  the  air- 
8 8 

stream.  Internal  construction  consisted of s i x  0.025-inch-thick  spanwise 
webs spaced 2- inches  apart and three,  two, one, or  zero  0.025-inch-thick 

chordwise s t i f fen ing  ribs with  the number depending upon the   par t icu lar  
model. A l l  models  had a 0.025-inch-thick t i p  bulkhead,  0.064-inch-thick 
skin, and solid  leading and t ra i l ing  edges.  A t  the  base of each model 
there were two 0.081-inch-thick  doubler  plates, a 2L - inch-thick  root 

bulkhead,  and two 1/2-inch-thick-steel clamping  blocks for   a t tach ing   the  
model t o  i ts  supporting  structure.  Aluminum-alloy standard and b l ind  
r ive t s  were used  throughout.  Sketches of each model showing individual 
construct ion  detai ls   are  found i n   f i g u r e  1. A photograph  of  the  interior 
of  model MW-16 p r i o r   t o   f i n a l  assembly is shown in   f i gu re  2. 

1 
2 

2 

The model ex ter iors  were painted  with  zinc chromate primer, upon 
which  a black  India  ink  grid was superimposed to  help  determine model 
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motions  and  deformations from motion-picture data. The ef fec t  of this 
paint  on the heat t ransfer   into  the  s t ructure  i s  small. (See r e f .  4. ) 

Instrumentation 

All models  were instrumented with iron-constantan thermocouples with 
the beaded junctions peened in to  small holes  dri l led  into  the  skins,  webs, 
and r ib s .  Thermocouples mounted in   t he   i n t e r io r  of the  solid  leading- or 
trailing-edge  sections were f irst  coated w i t h  cement and were then  inserted 
in to  small holes dril led into  these  sections.   Figure 3 shows the thermo- 
couple  locations  for  each model. 

Figure 3 shows the locations where SR-4 type EBDF-7D temperature- 
compensated w i r e  s t r a i n  gages were at tached  to   the models with  thermosetting 
cement. These s t r a i n  gages are  compensated to  read  approximately  zero 
s t r a i n  when used on unstressed aluminum alloy  at . temperatures between 30° F 
and 250' F. The -useful. temperature  range may be extended by first post- 
curing  the gage cement t o  the maximum t e s t  temperature  and  then, a f t e r  
cooling t o  room temperature,  calibrating  the gage by slowly  heating  the 
model i n  an oven while measuring the indicated  s t ra in  when load and thermal 
s t resses   are   absent .  The maximum model temperature  expected  during  these 
t e s t s  was 450° F; inasmuch as heating the model t o   t h i s  temperature would 
change the aluminum-alloy properties,  the gage cement was postcured t o  only 
250' F  and, therefore,  gage accuracy was sacrificed  to  prevent changes i n  
the material   properties.  The natural  frequency of the galvanometers  used 
to   record   s t ra in  data was about 100 cps; thus, these  galvanometers.were  not 
su i tab le   for  measurement of high-frequency strain  amplitudes. 

The following l i s t  gives the estimated  probable  errors  in  individual 
measurements and the corresponding  time  constants. The time  constant, 
which is considered  independent of the probable  error, i s  defined as the 
time a t  which the recorded  value of a step-function  input i s  63 percent 
of t ha t  of the  input;   after  three time  constants, the response amounts t o  
a t  least 95 percent of the  input. 

Item Probable  error Time constant, 
sec 

Stagnation  pressure . . . . . 

.02 t150 microinches/inch Model s t r a i n  . . . . . . . . 
03 t 3 O  F Model temperature . . . . . . 
.12 *3O F Stagnation  temperature . . . 

0.03 k0.7 p s i  

L 
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High-speed 16-millimeter  motion  pictures were taken  of  each t e s t   t o  
record model behavior. The high-speed cameras  had a frame rate of 600 
t o  1,600 frames  per  second.  Monitor cameras running a t  120 frames  per 
second were used t o  augment the  data  supplied by the  high-speed  cameras. 
The cameras and  oscillograms were correlated by using a common l/l0-second 
timing  pulse. 

APPARATUS AND PROCEDURE 

Aerodynamic Test   Faci l i ty  

The t e s t s  were made i n   t h e   p r e f l i g h t   j e t  of the Langley P i l o t l e s s  
Aircraft  Research  Station a t  Wallops Island, Va. The p r e f l i g h t   j e t  i s  
a blowdown-type wind tunne l   i n  which  models a r e   t e s t e d   i n  a 27- by 27-inch 
f r e e   j e t  a t  t he   ex i t  of a Mach  number 1.99 supersonic  nozzle. A descrip- 
t i on  of the  je t   operat ion and character is t ics  may be found in   re fe rence  2.  

Disturbances  within  the  jet   during  the  start ing and  shutdown periods 
cause  violent model o sc i l l a t ions ,  and f o r  some of t hese   t e s t s  a re t rac tab le  
t i p   s t a b i l i z e r  was used t o   r e s t r a i n   t h e  model until test  conditions were 
reached. The s t ab i l i ze r  w a s  act ivated a t  about 1 second after the s tar t  
of the a i r  flow, it released  the model a t  1 .3  seconds,  and it l e f t   t h e  a i r -  
stream a t  about 1.7 seconds. W e d i a t e l y  preceding  the shutdown period, a t  
about 11 seconds,   the  stabil izer  reentered  the  airstream and  had f u l l y  
gripped  the model a t  about  12  seconds. 

Laboratory  Vibration Tests 

Prior   to   the  wind-tunnel   tes ts ,  a vibration  survey was made t o   f i n d  
the  natural  modes and frequencies  of  each  of  the  models. An electromagnetic 
shaker  supplied  energy t o   t h e  model, and  the  response was detected  by a 
phonograph-type  pickup whose s ignal  was f ed   i n to  a cathode-ray  oscilloscope. 
The frequencies were  measured by a Stroboconn  frequency  meter. 

Je t   Tes ts  

Figure 4 is  a photograph of a typ ica l  model mounted on the j e t  t e s t  
s tand  preparatory  to  an aerodynamic test .  A n  aerodynamic fence  surrounded 
the model base  and  protected  the model instrumentation  leads. The sharp 
leading  edge of the  fence w a s  ra ised L/8 inch above the bottom w a l l  of  the 
j e t  nozzle t o  scoop off a small boundary o f  air. The leading edge of the 
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model w a s  located 2 inches from the  nozzle-exit  plane; this separation 
may have diminished as much as 1/4 inch during a high-stagnation-temperature 
t e s t  because the  nozzle expanded toward  the model. 

A l l  tests were conducted  with  the model oriented a t  zero  angle of 
a t t ack   w i th   r e spec t   t o   t he   j e t   c en te r   l i ne .  

Model MW-4-(2) was first tes ted  a t  a stagnation  temperature  near 
ambient  temperature (93O F)  and  then a t  a high stagnation  temperature 
(563O F) .  Model MW-16 w a s  first tested  with the stagnation  temperature 
near  ambient  temperature;  the  next  three  tests were made a t  elevated 
stagnation  temperatures. The other two models were tes ted  a t  the  elevated 
temperatures  only. 

RESULm AND DISCUSSION 

Laboratory  Vibration  Tests 

Vibration modes and  frequencies  for  the models are ind ica t ed   i n  
tab le  I. The node-line  locations  for  individual model modes varied  only 
s l i g h t l y  fronl the  average  locations  sketched  in this table .  The addi t ion 
of ribs changed mode C from one involving much chordwise d i s to r t ion   i n to  
a c l ea r  second  bendihg mode, D. For model MW-4-(2), the lowest  frequency 
a t  which  chordwise distortion  occurred was 268 cps. The addition of  one 
r i b   t o  this design  (to  give model M I " )  increased  the  chordwise  stiffness 
suf f ic ien t ly   to   e l imina te  chordwise def lect ion below' 465 cps, as is  evident 
from the mode-pattern change  between modes C and D. I n  a l l  cases, whenever 
a single  r ib  w a s  added to  the  basic  configuration  the model frequency was 
raised;  adding a second r i b  increased a l l  frequencies  again;  but  the addi- 
t i o n  of a third r i b  was accompanied by a decrease in   the   f requencies   for  
modes A, B, and D, which may indicate that the added mass had more in f lu -  
ence  than  the  incremental change i n   s t i f f n e s s .  The MW-16 design  (three 
ribs) was the  only  configuration that exhibited a d i s t i n c t  second tors ion 
mode; the other  designs seem t o  have had insuf f ic ien t  ribs t o  develop t h i s  
form  of vibration. It appears  from  these  room-temperature tests that two 
chordwise ribs may represent optimum s t i f f en ing   fo r  a wing of this   design.  

Je t   Tes ts  

Test  conditions.- A summary of the averaged test conditions i s  given 
i n   t a b l e  11, and  typical  variations of stagnation  pressure and  temperature 
with  t ime  are   plot ted  in   f igures  5 and 6, respectively.  Test  conditions 
were deemed t o   e x i s t  whenever the  stagnation  pressure  exceeded 100 ps ia ,  
which was the  period from  approximately 2 t o  11 seconds a f t e r  ais began 
t o  flow i n t o  the je t .  Averaged test conditions were determined from the 
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area under the  quantity  plotted  against  time  curves  for  the 9 seconds 
during which tes t   condi t ions  exis ted.  

Model data.  - Data from the model instrumentation  are  presented  pri-  
mar i ly   in   t abular  form, with  values  given a t  the even  seconds  during a 
t e s t .  A l l  data herein are referenced  to   zero  tes t  time which w a s  taken 
t o  occur when the   s ta t ic   p ressure   in   the   j e t   nozz le  1 inch from the  nozzle 
e x i t  first deviated from ambient  pressure.  This  occurrence i s  approxi- 
mately 1.8 seconds  before test   conditions  are  reached. 

The severe   charac te r i s t ic   s ta r t ing  and shutdown disturbances of the 
j e t  destroyed some model instrumentation and  caused  other  instruments t o  
be unreliable.  There  were other  instrumentation  failures which probably 
were i n i t i a t e d  by the   s t a r t i ng  shock b u t   i n  which the  instrument   f inal ly  
f a i l e d  from a combination of heat  and random disturbances. A gap was 
l e f t  i n  the data i n  the   t ab les  whenever an  instrument  failed o r  became 
unreliable.  

The temperature data are presented  in  table 111, and the   s t ra in   da ta  
are presented   in   t ab le  I V .  The tabulated  s t ra in   values   are   the measurements 
read   d i rec t ly  from the  records  with no corrections  for  errors  caused by 
model-temperature  changes. 

Model Behavior 

The behavior of the models during  each tes t  i s  summarized i n   t a b l e  V 
and i s  described i n   d e t a i l  i n  the  following  discussion.  In  addition, a 
motion-picture film supplement  has  been  prepared of the two t e s t s  on 
model MW-4-(2) and  of the second t e s t  on model MW-18 and is  avai lable  on 
loan. A request-card form w i l l  be found a t  the back  of t h i s  paper on the 
page  immediately  preceding  the  abstract and index  pages. 

No attempt was made to  evaluate  the  amplitude of the   osc i l la t ions  
from the  strain-gage  records a t  any  time  because the  inherent  instrumen- 
ta t ion   a t tenuat ion  would create  large  inaccuracies  in  such an analysis .  
The exact  beginning and  ending  of most  of the  recorded and  observed 
osc i l l a t ions  were usua l ly   d i f f i cu l t   t o  determine;  hence,  the  times l i s t e d  
in   the   descr ip t ions  of   the  tes ts   are   given  only  to  a va l id  number of s ig -  
nif icant   f igures   for   each  respect ive measurement. 

Test 1 of model MW-4-(2) .- During tes t  1, strain gages 10 and 11 
showed t h a t  model MW-4-(2) vibrated a t  65 cps between 1.5 seconds  and 
1.8 seconds  with a very small amplitude; t h i s  was after the je t  s t a r t i n g  
disturbances  had  ceased.  This  slight movement w a s  no t   d i scern ib le   in  
the  high-speed  motion  pictui-es. A t  8.7 seconds  small-amplitude o s c i l l a -  
t ions commenced; strain gage 1 indicated a vibratory  frequency  of 1-50 cps. 
The motion pictures  show tha t   t he  small amplitude  increased  monotonically 
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u n t i l  9.5 seconds when the  vibration  stopped. No fur ther  motion was 
observed until   10.7 seconds when a s l igh t   to rs iona l  mode developed; 
s t r a i n  gages 10 and 11 indicated a frequency of 80 cps, which changed 
slowly t o  70 cps by ~ 1 . 8 5  seconds. A t  11.8 seconds a def ini te  173-cps 
osc i l la t ion  was indicated by s t r a i n  gage 1; the motion pictures show 
that a small-amplitude  torsional  vibration  started a t  10.7  seconds, 
reached a peak a t  11.6 seconds,  and  then  decayed t o  an  unnoticeable 
movement a t  12.3  seconds. A t  12.5  seconds a tors ional  mode appeared 
and  continued unt i l   the  shutdown period, which started a t  12.6  seconds 

Test 2 of model MW-4- (2) .  - After 1 .O second, the end of the   s ta r t ing  
disturbances of test  2 of model  MW-4-(2), the motion pictures showed that 
a small vibrational mode a t  72 cps was present,  but it quickly  disappeared 
in   the  pictures .  However, s t r a i n  gage 11 showed tha t  a 72-cps vibration 
was present   un t i l   fa i lure .   In , the  motion pictures  the model remained 
s ta t ionary  unt i l  7.32 seconds, a t  which time a 238-cps f l u t t e r  mode began; 
t h i s  mode ended with  violent and  complete destruction of the model. The 
wing apparently first vibrated  with  skin  panel  flutter,  but  the  amplitudes 
were so small that   exact  modal ident i f icat ion was made d i f f i c u l t .  By 
7.42  seconds a mode involving chordwise d is tor t ion  w a s  ident i f ied.  This 
motion became increasingly  violent, and a t  7.64 seconds t h e   t i p  r i b  showed 
evidence of cr ippl ing  fa i lure  a t  the  r ight   s ide of the model a t  web 4. 
(Webs were numbered from the  leading edge to   t he   t r a i l i ng  edge. ) A t  the 
maximum displacement of t h i s  same point from the model neutral   center   l ine 
a t  7.656 seconds,  the  rear  portion of t h e   t i p  r i b  was torn  from the model. 
The next  sign of progressive failure occurred a t  7.672 seconds when a t e a r  
s ta r ted  a t  the  leading edge near  the base of the model. The t ea r  reached 
the   t ra i l ing  edge a t  7.677 seconds, and the remains  of the model were 
carried downstream. Photographs of t h i s  failure sequence a re  shown i n  
figure 7. 

Test 1 of model MW-16. - During the  period  throughout which t e s t  con- 
ditions  existed, no motion of model m-16 during t e s t  1 w a s  v i s i b l e   i n  
the motion pictures.  Some intermittent  small-amplitude  oscillations, 
probably  excited by  random jet   noise ,  were indicated by the  strain-gage 
records. These frequencies were between 60  and 78 cps. 

Test 2 of model MW-16. - The strain-gage  record  of model MW-16 during 
t e s t  2 showed  some very small amplitude, random osci l la t ions of intermit-  
tent  duration a t  275 t o  286 cps  from after the  s tar t ing  dis turbances  unt i l  
the  beginning of the shutdown period. A t  10 seconds s t r a i n  gage 9 showed 
a vibration of increasing  amplitude  with a frequency of 60 cps which may 
have actual ly  started before 10 seconds, but the  vibration was not  large 
enough t o  cause a noticeable  strain-gage  signal. A t  12 seconds this 
motion showed c lear ly   in   the  motion pictures  but  died  out  after 1.3 seconds. 
A t  13.3 seconds the shutdown disturbances began. 
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Test 3 of model MW-16.- The model t i p   s t a b i l i z e r  was used  during  the 
s t a r t i n g  and shutdown periods of test  3 of model MW-16. Although the  
motion  pictures  showed no v is ib le  movement, strain gage 19 ind ica ted   tha t  
a small-amplitude  vibration, 258 t o  266 cps,   existed  throughout  the  test .  

Test 4 of model MW-16.- After the   s ta r t ing   per iod  of t e s t  4, 
model MW-16 remained s t ab le  until 9 seconds when s t r a i n  gage 9 indicated 
a small vibrat ion a t  60 cps  which l a s t ed  until the shutdown disturbances 
began. For t h i s   t e s t   o n l y  one camera, operating a t  about 100 frames  per 
second, was used; t h i s  motion  could  not be seen i n  these  pictures .  

Test 1 of model MW-17.- The strain-gage  records  of t es t  1 of  model 
IW-17 indica te   tha t  some form of disturbance  (probably random j e t  noise 
i n   t h e   t e s t  house)  caused  the model t o   v i b r a t e   s l i g h t l y  a t  frequencies 
between  130  and  140  cps. After the   t i p   s t ab i l i ze r   r een te red   t he   a i r s t r eam 
preceding  the shutdown period,  the model developed a small tors iona l  mode 
t h a t  was v i s i b l e   i n   t h e  motion  pictures. A l l  strain gages  indicated a 
frequency of 140  cps. The motion  pictures  indicated  that   the  vibrations 
were in te rmi t ten t  from 10.9 seconds u n t i l   t h e  shutdown period. 

Test 2 of model MW-17.- After   the  s tar t ing  per iod of t e s t  2 of model 
MW-17, there w a s  no motion until 11 seconds when the   t i p   s t ab i l i ze r   r een -  
tered  the  a i rs t ream. Then, a tors iona l  mode developed a t  140 cps  and 
continued  until  the  beginning of the  shutdown disturbances. 

Test 1 of model MW-18.- Model MW-18 remained s ta t ionary  after the  
s ta r t ing   per iod  of test  1. A t  11 seconds when the   t i p   s t ab i l i ze r   r een te red  
the  airstream, a tors iona l  and  bending mode of vibrat ion commenced a t  a 
frequency  of 145 cps  which  remained until   the  beginning of the  shutdown 
period. 

Test 2 of model MW-18.- St ra in  gages 11, 12, and 20 indicated some 
small vibrat ion of model MW-18 dur ing   tes t  2 a t  a frequency of 70 cps 
between 5 seconds  and the shutdown period.  This  vibration w a s  not  observed 
i n   t h e  motion p i c tu re s .   Af t e r   t he   t i p   s t ab i l i ze r  had fu l ly   regr ipped   the  
model, the   p ic tures  showed in te rmi t ten t   to rs iona l   v ibra t ion  modes of first 
124 cps  and  then, m e d i a t e l y  preceding  the shutdown disturbances, 70 cps; 
the 70-cps vibrat ion was barely  evidenced by s t r a i n  gages 2 and 4. How- 
ever ,   for   the  per iod between 11.6 seconds  and  12.6  seconds,  several f re-  
quencies  could be obtained from the  s t ra in-gage  t races;   for   instance,  
s t r a i n  gage 1.3 showed a 275-cps  frequency, strain gage 6 showed a 400-cps 
frequency,  and s t r a i n  gage 10 showed a 538-cps frequency. The small 
amplitudes  and  diversity  of  frequency  suggest random exci ta t ion .  

For times other  than  those  during  the starting, shutdown,  and f a i l u r e  
periods, a l l  the  noted  vibrations were  of small amplitude,  probably 
result ing  from  the random noise  and  pressure  disturbances i n  the   v i c in i ty  
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of the   j e t .  Whenever the  je t   s tagnat ion  pressure w a s  below 50 ps i ,  which 
was from the start unt i l   about  1 .2  seconds  and a l so  from  about 13.4 sec- 
onds u n t i l  complete shutdown  of the   j e t ,   the  model experienced  violent 
buffeting; when the  stagnation  pressure was between 50 and 100 ps i ,   the  
j e t  shock was passing  over  the model  and creat ing random but much less 
violent  disturbances.  The presence of the t i p   s t a b i l i z e r   i n   t h e  air- 
stream p r i o r   t o   t h e  shutdown period  evidently  disturbed  the flow i n  a 
m a n n e r  which excited  the  observed model to rs iona l   v ibra t ions .  

Temperatures 

A typical  temperature  history of a skin and web is shown i n   f i g u r e  8 
f o r  a high-stagnation-temperature test. The temperature data from t e s t  
t o   t e s t  were compared by normalizing  the data wi th   r e spec t   t o   t he   t e s t  
conditions  experienced by model MW-18 dur ing   tes t  1. The normalized t e m -  
perature was determined  from the formula 

(T - To)b + To,a 

where the  subscr ipt  a refers t o  the tes t   condi t ions  which existed  during 
the first t e s t  of  model MW-18, and the  subscr ipt  b r e f e r s   t o   t h e   t e s t  
conditions or model temperatures fo r   t he   pa r t i cu la r  model under considera- 
t ion .  The normalized  temperatures  plotted i n   f i g u r e s  9 and 10 show t h a t  
the  agreement among the  model-temperature data was very good. Figure 9 i s  
a p lo t  of the  skin  temperatures (midway between webs where the sink e f f e c t  
of the web is  negl ig ib le )   tha t   ex is ted  a t  6 seconds t e s t  time. In  general ,  
the  skin  temperatures  decreased  spanwise  from  the t i p   t o   t h e   r o o t  and 
chordwise  from the  leading edge t o   t h e   t r a i l i n g  edge. A temperature dis- 
t r ibu t ion  was calculated by the method out l ined  in   reference 4 using  the 
Van Dreist  method for   ca lcu la t ing   the   hea t - t ransfer   coef f ic ien t ;   tunnel -  
survey  .data were used t o  determine the adiabatic-wall  temperature. It can 
be seen from f igures  g(b) ,  g (c ) ,  and g(d) that the spanwise d is t r ibu t ion  
ind ica t ed   i n   f i gu re  9(a) is typical  of  each  chord  station. The spanwise 
temperature  variation is  at t r ibuted  to   the  parabol ic- l ike  s tagnat ion-  
temperature   dis t r ibut ion  that  i s  a charac te r i s t ic  of t he   j e t .  The calcu- 
l a t e d   l i n e  shown wi th   the   t es t  d a t a  i n   f i g u r e  9 (a )  actually  follows the 
measured var ia t ion  in   the  je t   s tagnat ion  temperature .  

Figure 10 shows the difference  in  the  normalized  temperatures between 
the  skin thermocouples  and  the web thermocouples f o r  webs 3 and 4 at  
specif ic   span  s ta t ions.  This difference  generally  increases  spanwise 
because of the more rapid  heating of the model a t   s t a t i o n s   n e a r  the center 
of the  je t   s t ream. However, s ignif icant   deviat ions from th is   genera l  
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dis t r ibu t ion  may be taken as a rough indication of t he   l oca l   j o in t  con- 
ductivity.  Figure 10 shows tha t ,   nea r   t he   t i p  of model MW-18, t h e   j o i n t  
conductivity w a s  considerably below average f o r  web 3, but was above 
average f o r  web 4. 

Stresses 

Experimental  stresses.- Inasmuch as the s ta te  of s t r e s s   i n   t h e  model 
skins was two-dimensional, stresses were determined  from  measured s t r a i n s  
only a t  points where two perpendicular  gages were  mounted. In   o rde r   t o  
obtain  the  s t resses  a t  a given  point,  the  chordwise and  spanwise  gages 
were considered as being  superimposed upon each  other a t  the  location of 
the thermocouple  placed between  them.  (See f i g .  3( d) . ) 

Several methods  were t r i e d   i n  an  attempt  to  account  for  temperature 
e f f ec t s  on t h e   s t r a i n  data obtained  from  the  strain  gages.  Although no 
one method could be  shown t o   l e a d   t o   r e l i a b l e  and  accurate  strain  data,  
especially  in  the  temperature  range above 2500 F, inspection  of  the  results 
indicated  that   the   s t ra in   error   could be as much as f2OO microinches  per 
inch. This would cause a sk in-s t ress   e r ror  of about +2,000 t o  3,000 p s i ,  
which i s  of the same order of magnitude as the  experimental  stresses. 

A survey of t h e   s t r a i n  data was made by using  the measured values of 
s t ra in  a t  6 seconds t e s t  time. These da ta   ind ica te   tha t  a t  the model root  
the  experimental  chordwise  strains were as much as twice  the  spanwise 
s t r a i n s .  The gages mounted on opposite  skins  in  the  center bay near  the 
root  indicate  bending  strains - counterclockwise  strains  (looking  upstream) 
f o r  models MW-17 and MW-18 and  clockwise s t r a i n s   f o r  model MW-4-(2); only 
one skin was instrumented a t  th i s   po in t  on model MW-16. The s t r a i n  gages 
ind ica t ed   t ens i l e   s t r e s ses   i n   t he   r i b s  and webs (except i n   t h e   t i p   r i b   i n  
model MW-18 during  the f i r s t  t e s t )   f o r  a l l  the  elevated-temperature  tests. 
During the  cold-temperature t e s t  on model MW-16, t h e   r i b   s t r a i n s  were com- 
pressive;  the  conditions  during  this tes t  were such  that   the  model was 
cooled. Compared with  the web s t r a i n s ,   t h e   r i b   s t r a i n s  were small, with a 
maximum r i b   s t r a i n  (a t  6 seconds) of 208 microinches  per  inch  of  tension 
on the  middle r i b  of model MW-18 during  the f i rs t  tes t .  This condition 
sugges ts   tha t   these   r ibs   d id   no t   res t ra in   the  model skins as much i n   t h e  
chordwise direct ion as the webs d id   in   the  spanwise d i rec t ion ;   th i s  may be 
primarily due to  the  discontinuous  nature of t he   r i b s .  The webs ran con- 
tinuously  over  the  span. 

The s t r a i n s  measured on web 3 during  the  elevated-temperature  tests 
on models MW-16, MW-17, and MW-18 were i n  the same range (822 t o  953 micro- 
inches  per  inch of tension) a t  6 seconds test  time; whereas for the 
elevated-temperature t e s t  on  model MW-4-(2), the s t ra in  a t  th i s   po in t  was 
1,280 microinches  per  inch of tension. 



12 

A t  the time considered (6 seconds t e s t   t ime)   t he  model skin tempera- 
tu res  were such that, because of imperfect  strain-gage  temperature com- 
pensation,  the  range of e r r o r   i n  the indicated  s t ra ins   could be as much as  
fl00 microinches  per  inch. 

Calculated  s t resses . -  The nonuniform  temperature  distribution  over 
the models during  high-stagnation-temperature  tests gave rise to  thermal 
s t resses .  Appendix E in   reference 8 presents  an approximate method for 
calculating these thermal  stresses.  This method,  which  does not   take  into 
account  any  influence on spanwise stresses  caused by chordwise stresses, 
w a s  used t o   c a l c u l a t e  spanwise s t resses  a t  a cross  section 3 inches from 
t h e   t i p  of  model MW-18, a section  not  influenced  appreciably by chordwise 
ribs. A t  t h i s   s ec t ion  the general  spanwise  gradient was very small and 
w a s  neglected. The experimental model temperatures  (from t e s t  1 of 
model MW-18) were used t o  determine the temperatures of the  area  elements 
shown i n   t h e  idealized cross   sec t ion   in   f igure  11. Aerodynamic loads were 
neglected  because it w a s  assumed that, a t  zero  angle of attack,  only  the 
drag  force would appreciably add to  the  thermal  stresses;   preliminary 
calculations  indicated that s t resses  due t o  drag  load were less   than 
5 psi. End e f f e c t s  were also  considered  negligible a t  this section. 

Figure 12 shows calculated  skin  s t resses  a t  the midchord  and web 
stresses a t  %he web center   for   the  two  webs immediately  adjacent  to the 
midchord (webs 3 and 4). The l a rges t  peak w e b  stress (44,000 p s i )  was 
found t o   e x i s t   i n  web 3 and was a d i r e c t   r e s u l t  of the low temperature 
measured a t  this point .  This s t r e s s  i s  75 percent  higher  than  the  stress 
i n  web 4 and. shows that for   these  tes t   condi t ions  the  joint   conduct ivi ty  
can have an  important  effect  on the s t resses .  (See r e f .  9.) Peak s t resses  
for  the  other webs a t  the same spanwise s t a t i o n  were  betweeir 8,000 and 
l0,OOO p s i  w i t h  the 8,oOO-psi s t r e s s   occu r r ing   i n  web 4. A somewhat above 
average  value 

The skin 
peak stresses 
occurred a t  6 
trail ing-edge 

of joint   conducti&ty is  ind ica ted   in   f igure   10(b) .  

s t r e s s   h i s t o r i e s   a t   t h e  bay centers were a l l  similar, with 
of  about -3,000 psi. The maximum leading-edge stress, which 
seconds test  time, was ca lcu la ted   to  be 740 ps i ;  the maximum 
stress of 1,750 psi  occurred a t  9 seconds. 

Comparison  of calculated and  experimental  stresses.-  Several  sig- 
n i f ican t   fac t s   a re   apparent  from a comparison  of the  calculated  s t resses  
with the experimental-stress  values  obtained from the s t r a in   da t a   fo r  
model MW-18. Both the  experimental and calculated spanwise skin 
stresses have a magnitude of about  -3,000 p s i  a t  the  section 3 inches 
from the model t i p .  The s t r a i n  gages a l so  show that the chordwise 
s t resses  at; this sect ion were about 2,000 p s i .  This value of chordwise 
s t ra in ,   considered with the low values of r i b  s t r e s s  and small r i b  area 
(when campared w i t h  the skin area on a spanwise sec t ion) ,   ind ica tes   tha t  



some form of chordwise restraint ,   o ther   than  the  r ibs ,  w a s  present.  Such 
a r e s t r a i n t   e x i s t s   i n  a f l a t   p l a t e  which i s  clamped a t  one edge  and i s  
subjected  to  a uniform  temperature r i s e .  (See re f .   10 .  ) Calculations 
using  the methods out l ined  in   this   reference  indicate   that   the   root  
r e s t r a i n t  w i l l  induce  chordwise s t r e s s e s   i n   t h e  same range as those 
measured a t  a distance 3 inches from t h e   t i p  of  model MW-18. 

The singularly  high  calculated peak s t r e s s   i n  web 3 i n  model MW-18 
is  a d i r e c t  consequence  of  the r e l a t i v e l y  low temperature  measured a t  t h i s  
location and probably  results from a low, local   joint   conduct ivi ty  which 
retarded  the  heat  f low  into  the web. The joint   conductivity may be 
expected t o  vary from one location  to  another,  inasmuch as it i s  a function 
of such  things as t ightness  of j o i n t  and contact-surface  condition of mate- 
r ials (things which are d i f f i c d t   t o  evaluate on other  than a s t a t i s t i c a l  
basis). 

The low values of s t r a i n  (when considered  with  the  ratio of r i b   a r e a  
to   sk in   a r ea )  measured i n   t h e  ribs show tha t   t he  assumption t h a t  chordwise 
r ib   r e s t r a in t   cou ld  be neglected i n   t h e  spanwise s t ress   calculat ions w a s  
va l id   for   these  model t e s t s .  Inasmuch as the   s t r a in  gages on the  chord- 
wise r i b s  i n  models MW-16, MW-17, and "-18 indicated  that   these members 
con t r ibu ted   l i t t l e   t he rma l - s t r e s s   r e s t r a in t   t o   t he  models, t he   s t r e s s  
calculations a t  the  section 3 inches from t h e   t i p  on  model W-i8  should 
a l so   apply   to  a l l  the  other models i n   t h i s  group  provided  the  stresses 
a re  normalized  with  respect to  the  individual  test   conditions  (with  respect 
to   the  difference between the  test  stagnation  temperature and t h e   i n i t i a l  
temperature of the  model). 

Discussion of Failure 

The f i r s t   t e s t  of model MW-4-(2), which occurred  under  conditions 
where aerodynamic heating was not  present, showed that ,   a l though  this  
design may be near-marginal,  the model was strong enough to  withstand 
the aerodynamic forces a t  a Mach  number of 2 and  sea-level  static  pressure 
and w a s  s t i f f  enough t o   r e s i s t   f l u t t e r  under these  tes t   condi t ions.  The 
second test ,  made a t  a stagnation  temperature of 5630 F, added thermal 
s t r e s ses  due t o  aerodynamic heat ing  to   the  s t resses   caused by aerodynamic 
loading and reduced  the modulus of e l a s t i c i t y  of the aluminum al loy.  Both 
the  thermal stress and  the  reduced modulus contributed  to  the  decrease of 
the   e f fec t ive   s t i f fness  of the model; a chordwise f l u t t e r  mode developed, 
and the model completely  destroyed 0.36 second after t h e   f l u t t e r  mode 
began. The first model (model MW-4) of this   design had  been previously 
tes ted  and  had f a i l e d  a t  5.60 seconds a f t e r   t h e  start of   the   t es t   ( re f .  4); 
whereas model MW-4-(2) f a i l e d  a t  7.68 seconds a f t e r   t he  start of the test .  
Other  than  the small difference i n  the t i m e  of fa i lure ,   the  two models 
f a i l e d  i n  a very similar manner: bo th   fa i led  0.36 second a f t e r   t h e  
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beginning of t h e   f l u t t e r  mode; the  f lut ter   f requency of model MW-4 was 
240 cps  and t h a t  of model MW-4-(2) was 238 cps;  and  both models failed 
when the  large  dis tor t ions of the  cross  section  crushed  the  t ip r i b .  

A comparison of the  test   conditions  of  the two models shows t h a t  
the  thermal  stresses  in model MW-4 should be about 10 percent  lower  than 
those i n  model MW-4-(  2) (see  appendix of ref. 3) ; however, a comparison 
of the  normalized  temperature  distributions between the two models leads 
to  discrepancies which indicate   that   the  methods  used t o  determine  aero- 
dynamic test  conditions did not  give  compatible  values between the two 
s e t s  of tes ts .   In   reference 4 two probes mounted on posts  behind  the 
model were used t o  measure the  stagnation  temperatures; whereas fo r   t he  * 

tests  reported  herein,  probes mounted in   the   sc reen   sec t ion   jus t  down- 
stream  from  the j e t   s e t t l i n g  chamber were used ei ther   exclusively or were 
averaged  with  the  probes mounted behind  the model. A s  a check, the  experi- 
mental  adiabatic-wall  temperature was calculated  for  model MW-18 i n   r u n  1 
by using  the model temperature data (see ref. 4), and the  stagnation tem- 
perature w a s  then  calculated by using a recovery  factor of 0.88. The 
resulting  stagnation  temperature,  as  experienced by the model, was 480° F, 
which was considerably  lower  than  the  stagnation  temperature of 523O F 
indicated by the  tunnel data. The r e su l t s ,  i f  the  data agreement i n   f i g -  
ure 9 is  used as jus t i f i ca t ion ,  may be extrapolated  to  the  elevated- 
temperature . t e s t  on MW-4-  (2). The temperature  comparison  indicates  that, 
i f  the  stagnation  temperature  in  the  test  on MW-4-(2) had been  lower, 
be t t e r  agreement  would  be  found among the test data between the MW-4 
design models; this would a l so  have the   e f fec t  of lowering  the  stress 
l e v e l   i n  model MW-4-(2) t o   t h a t   i n  model MW-4. Thus, the small discrep- 
ancy i n  time  of failure between the two models can be pa r t ly   a t t r i bu ted  
t o  experimental  error i n  determining  the tes t  conditions. A difference 
in   joint   conduct ivi ty  between the two models a l so  might have influenced 
the  time of fa i lure ,   but  no r e l i ab le  comparison  between the models could 
be made since  the  only skin-and-web thermocouple  combination ava i lab le   in  
model MW-4-(2) w a s  near  the  root, a posi t ion where the  parabolic-l ike 
stagnation-temperature  profile  across  the  jet   stream would cause  the 
temperature  difference between these somewhat offset  (spanwise) thermo- 
couples t o  be questionable. (See f i g .   3 ( a ) . )  

Studies of a cross  section of the MW-4 design show tha t   the  mode of 
cross-sectional  distortion  observed  during  the  f lutter of  models MW-4 and 
MW-4-(2) may be induced by applying  shearing  loads  to  the  skins  in  such 
a manner that   the   opposi te   skins   tend  to  slide with  respect  to  each  other.  
(The same e f f e c t  may be obtained by applying  equal moments and equal  and 
opposite  forces a t  the  leading and t r a i l i n g  edges,  respectively.) If the 
r ive ted   jo in ts  between the webs and the  skins  are  replaced by pinned  con- 
nections,   the  cross  section  in  f igure l ( a )  becomes a se r i e s  of four-bar 
linkages and w i l l  have  no res i s tance   to   d i s tor t ion ;   a l so ,  i f  the  afore- 
mentioned loading is applied,   the  cross  section w i l l  d i s t o r t   i n t o  a shape 
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approximating  the  distortion of the  cross  section  during  flutter.  This 
shape i s  a d i r e c t   r e s u l t  of the   fac t  that  the  opposite  skins are not 
parallel   to  each  other  (except a t  the  center  chord)  but  instead  slope 
together .   In   the  actual  model, however, the  skin i s  continuous and  must 
bend when the   c ross   sec t ion   d i s tor t s ;   fo r   r ib less  models, then,  the  skin 
bending s t i f f n e s s  i s  a c r i t e r i o n  i n  determining  the  f lutter  resistance.  

The major e f f e c t  of the  chordwise r i b s  i n  models "16, MW-17, and 
"18 w a s  not   to   increase  the  skin bending s t i f fnes s   bu t   t o   r e s t r a in   t he  
chordwise d is tor t ion  by preventing  the  skins from sl iding  past   each  other  
a t  points  other  than  those a t  the  leading and t ra i l ing   edges .  It may be 
poss ib l e   t o  add su f f i c i en t   r e s t r a in t   ( fo r   t hese   t e s t   cond i t ions )  by using 
only a p a r t i a l  chordwise r i b  extending  over one or  two c e l l s ;  i f  one or  
two ce l l s   a re   res t ra ined ,   the   e f fec t ive   s t i f fness  of the  ent i re   cross  
section  against   this  type of d i s tor t ion  i s  increased. 

SUMMARY OF RESULTS 

Four  multiweb wing models of 20-inch  chord  and  span  with  0.064-inch- 
thick  skin,  0.025-inch-thick ribs and  webs, and  zero,  one, two, or   three 
chordwise r i b s  were tes ted.  The following  results  are  given: 

1. The model without  chordwise ribs  survived  the f i rs t  t e s t  where 
aerodynamic-heating e f f e c t s  were absent,  but it failed  during  the  second 
t e s t  when heat ing  effects  were included;  thus,   the  present  test  confirmed 
the  conclusions formed a f t e r   a n   e a r l i e r  test on another model of the same 
design  (see NACA Research Memorandum  L57H01) t h a t  aerodynamic heating made 
the model s u s c e p t i b l e   t o   f l u t t e r .  

2. The  mode of f l u t t e r   f a i l u r e  involved  distortion  of  the  entire 
cross  section of the model, a condition which required  that   the   individual  
c e l l s  of  the model c ross   sec t ion   d i s tor t  and the  opposite  skins  sl ide  with 
respect   to   each  other .  Chordwise r ib s   he lped   t o   r e s t r a in   t h i s   s l i d ing  
tendency. One chordwise r i b  w a s  su f f i c i en t   t o   p reven t   f l u t t e r  of t h i s  
model design  under  these tes t   condi t ions.  The addition of one chordwise 
r ib   nea r ly  doubled  the  lowest  natural  frequency a t  which chordwise  defor- 
mation  occurred. 

3 .  The temperature  data compared very  well from model t o  model  on a 
normalized  basis. 

4. The experimentally measured s t r e s ses  were well  below y ie ld   s t r e s ses  
for the aluminum a l l o y  used i n  the model construction. The l a r g e s t  
stresses were i n   t h e  spanwise webs. Chordwise skin  s t resses   near   the 
model roo t s  were l a rge r  than those  elsewhere in   t he   sk in  because  of the 
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large  restraint  at  this  location.  Direct  rib  stresses  were  small.  The 
error in.  the  measured  strains  is  estimated to be  about  the  same as the 
skin  strains  caused  by  thermal  stresses. 

5. The  thermal  stresses  calculated for one  model  were  in  agreement 
with  the  measured  stresses  within  the  accuracy of the  test  data.  The 
low  strains  measured in the  chordwise  ribs  indicate  that  these  calcula- 
tions  which  neglect  the  restraint of ribs may be  extrapolated  to  the 
other  models  with  more or fewer  ribs. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee for Aeronautics, 

Langley  Field,  Va.,  November 27, 1957. 
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TPLBLE I. - NATURAL VIERATION MODES AND F'REQUENCIES FOR MODELS 

r 

Model 

MW-4-(2) 

MW-18 

MW-17 

"16 

Frequency, cps, for  node l inea - 

A B C D E G H I J K F 

I 72 

73 

75 

70 

144 

156 

160 

147 

268 

"- 

"- 

"- 

392 427 

"- 

"- 

"- 

"- 

"- 

"- 

439 

"- 

"- 

746 

747 

"- 

585 

661 

677 

"- 

533 

554 "- 

%odes shown axe composites from modes for  a l l  models. Individual modes varied  slightly from those shown. Sketches 
show node lines  obtained  during room-temperature vibrat ion  tes ts .  

F w 



Model 

TABLE 11.- AERODYNAMIC-TEST-DATA SUWARY GIVING AVERAGED TEST CONDITIONS 

MW-4-(2) 

MW-16 

MW-17 

MW-18 

Test 

1 

2 
- 
1 

2 

3 

4 
- 
1 

2 
- 
1 

2 

Stagnation Stagnation 

ps ia  OF 
pressure,  temperature, 

93 

1,171 

3.89  875 

2.30 1,148 

2.31  1,143 

2.26  1,138 

2.26  1,152 

2.39  1,148 

2.26  1,148 

2.19  1,167 

r wl 
4 
F 
w 

Reynolds 
number 

per  foot 

27.7 x lo6 

12.8 

26.1 

13.4 

13.5 

13.3 

13.2 

13.9 

13 -3 

12.6 
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9 

7 - 
t 

sea 
- 
0 
1 
2 
3 
L 
5 

7 
8 
9 

10 
11 
12 
13  
u! 
15 - 
0 
1 
2 
3 

6 
5 

7 

0 
1 
2 
3 
L 
5 

7 

9 
10 
11 
12 
13 
1L 
15 

0 
1 
2 
3 
L 
5 

7 

9 
LO 
11 
12 
13 
1L 
15 
16 

0 
1 
2 
3 

5 

7 
8 
9 

LC 
L l  
12 
13 
111 
15 

- 

- 

- 

- 
0 
1 
2 i~ 

.!I 

1 
" 

1 
b 
'1 
3 
1 
2 
3 
3 
2 
1 
1 
1 
1 
3 
1 
2 

1 
7 1  
1 1  
2 2  
3 3  
1 3  
1 3  
5 3  

" 

" 

78 8: 
82 75 
93 llI! 

117  191 
150 232 
L8L 261 
?I9 2% 
!L9  316 
176  336 
I C 0  35: 
121  361 
339  37L 
J50 38i 
16L 391 
?75 
176 LO6 
178 LGP 

76 

13E 
71 

191 
211 
2L7 
273 
296 
31!: 
333 
)!it 

365 
351 

376 

391 

135 
e? 

192 
2'8 

23C 
261 
289 
308 
327 
3LL 

370 
356 

376 
380 

383 
337 

- 
" 

" 

- 
2 _. 
77 
78 
79 
30 
33 
31 
82 
81 
81 
81 
79 
90 
79 

79 
78 

19 

-. 

-. 
98 
2 1  
23 
33 
?2 
?1 
39 
39 
38 
38 
37 
37 
37 
37 
35 
36 -_ 

-_ 

-_ 

- 

" 

89 
87 

92 
91 
90 
89 

87 
88 

85 
86 
86 
86 
86 
86 
81 
85 

111 
81 

171 
210 
2131: 
272 
292 
316 
331 
350 
363 
373 
387 
396 
389 
386 
381 
71 

103 
165 
201: 
?38 
!C6 
289 
3w 
327 
]!,I 
35: 
367 
378 
1% 
193 
155 

86 
113 
169 
!09 
'L 1 
'67 
'01 
110 
126 
111 
153 
161, 
176 
137 
177 
175 

" 

" 

" 

- 

2 
" 

1 
L; 
6 
5 

5 
3 
3 
3 
1 

p 
9 
3 
9 
9 - 
1 
1 
2 
2 
2 
3 
3 - 

- 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 

; 
3 
3 
3' 
3 
- 

1 
18 
1 
Pi 
2: 
PI 
21 
2 
2' 
3 
3 
3 
3: 
3! 
3' - 
1: 
I! 
11 
21 
2: 
2: 
P i  
25 
3( 
31 
3: 

36 
31 

35 
3' 
- 
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Model ' 1- 
Mw-18 - 

TABLE 111.- MODEL "B@ZWTuRE EISlDRIES - Concluded 
I I  lbmereiLre. OF. a t  thermoc - 

2 -_ 
1 
5 1  

:; 
9 2  
1 2  
8 2  
9: 
6 ?  
1 3  
L 3  
3 3  
0 :  
L :  
9 :  
8 2  

8 
2 1  
9 1  
6 i  

4 2  
3 :  

9 3  
9 :  
6 3  
l ?  
2 2  
1 3  
8 3  
3 2  

" 

: 5  
" 

1 
1 
2 
2 
3 
3 
3 
3 
3 
3 
3 
b 
h 

" 

'0 21 22  23  2h 25 126 27 (28  (29 30 32 33 3b 35 

69 69 70 68 70 
73 93  103 101 92 
89  133  169 166 177 
117  167 209 206  159 

176 217 270 265 2Oh 
1L6 19b 2h3 239 18L 

205 236 29h 288 221 
230 251 315 309 23h 

27L 27h 350 3L2 255 
25L 263 333 325 2h5 

291  281 362 355  262 
JOE 289 37L 367  267 
32b 289 385  379 2€0 
3Ll  281  398 390 257 
360 28L 397  392 263 
367  283  39L 387 263 

22) 12011091 108) 8 4  831 8LIlWl lbil108 109 119 115 107 
89 86 86 82 80 80 83 85 85  86 86 87 83 86 

.71  173 l a  lL7 si 9i 89 US 
'15 219  178  183  106  117 1OL 179 
'51 255 205 212 122 ILL 123 205 
'80 28L 227  235 lI12 17h  1L5  227 
IOL 307 2L4  25L 16L  202  166  2L3 
123 327 259 269  189 230 187  257 
lh2 3L3 272 280 211  25L  208 210 
155 355  281  291  232  277 22h 218 
168 366 290 298 252  296  2Ll  286 
177 37L 295 30L  271  31L  253 292 
,8L  379 300 307  289 330 265  295 
I90 3% 295 300 307 3Lh 273  292 
197 385 29h 302  327  3%  276 290 
m9L 38h 293 300 322 365 2 8 1  29'2 

118 iLa 
1L1  185 
16L. 718 
189 2L8 
216 27L 

285 317 
255 797 

305 33L 
323 3L9 
336  362 
353 376 
365 38h 
383 391 
385 786 

lL6 180 176  139 
176  217  2lL 168 
201  2h9  2h6 190 

239 298 295 223 
222 276 272 208 

253 317 3lL 23L 
266 33L 331  2L6 
275  350  3L7  255 
28L 363 359 262 
289 373 372  265 
285  387 383 257 

28h  391 38L 26L 

116 117 113 107 103 79 89 
76 76 78 78 7h 77 72 

185 l8L 172 15L 1h7 86 109 
2L1 2L2 229 198 192 98 I L O  

L13 

L36 
300 



. 

22 

- 
Model 

- 
t, 

- see 
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1 
2 
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6 
5 

8 
7 

9 
10 
11 
12 
13 

15 
1L 
- 
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3 
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5 
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15 
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0 
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7 
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9 

10 

12 
11 

13 
11 - 

T - 
t r e  - 

6 
- 
-3: 
-11 - 

1; 
I 

2 ". 
- 
". 

4 

2: 
91 

E 
L! 
Y 
3: a 
15 

-1: 
-31 
L: 

5 
5€ 
65 

22 
32; 

mt 
76C 

Os5 
035 

805 
9 u  

651 
L87 
32C 

-15 
-¶ 
121 
a 7  
279 

22 
3w 
709 rn 
968 
332 
815 
727 rn 
h77 
3L8 
?l6 
L o 2  
-18 
4 3  
LY 

1 6 1  
9 

583 
j95 
?It8 
P o 2  
122 

;m 
177 

!59 
.61 
.59 
70 

l i l t  

- 

- 

- 

ra 

In 

- 

- 

F 
-10 
-3. 
-2, 

1 
1' 

-31 
l! 

-2, 
& 
7. 

lli 

-2: 
-161 
-16: 
-7Q 

- 

s 
la! 
-991 

i 
M 
7' 

I 2 1  
12: 
1l: 
1 1 1  
lol 
9! 

11( 
17( 

-w lk 
1 1 5  
16: 

25 

t 
62 

2m u; 
-9c 

33 

-L53 
-185 
-161 
-U3 
-91 
-bt 

5s 

-222 
-7t 

13 
2b 

-b 
l(11 
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M 

-16 
5 

-52 
-56 
-L7 
4 0  
-5l 
-5L 
-1b 
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-5 
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57 

-11 
19 

-26 
-17 
-10 
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36 
15 
38 
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- 
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U: 
, 71 

la  
-11 

8. 
3: 
1' 

6: 
31 
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-23i 
-12; 
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~ 
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32 

19 
155 
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135 

62 

& 
24 

-177 
-232 
228 
-161 
-139 
226 
-25h 

2 

153 
3b 

19b 
195 
189 
168 
1LO 
116 

9L 
80 
76 

172 
83 

236 
166 
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Lb 
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172 
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337 
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TABLE V. - SUMMAKY OF MODEL BEHAVIOR 
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(a)  Description of model-vibration tests 

Model Test Model vibration 

1 65-cps  bending and tors ion after s t a t i n g  disturbances; 
l3O-cps random vibration at 8.7 seconds;  80-cps torsion at 
10.7 seconds;  173-cps tors ion after t ip-s tabi l izer   reentry 

MW-4-( 2) 
2 72-cps vibration  after  staxting  disturbances;  238-cps 

f lu t t e r   un t i l   des t ruc t ion  between 7.32 seconds  and 
7.68 seconds 

1 60- t o  78-cps random vibrations  throughout test 

275- t o  286-cps random vibrations  throughout test; 60-cps 
vibration  before shutdown disturbances 

2 

- 
3 

4 

258- t o  266-cps random vibrations  throughout test 

60-cps vibration at 9 seconds 

1 

- 
2 

130- t o  140-cps vibrations  throughout  test; 140-cps torsion 
af%er t ip-s tabi l izer   reentry 

140-cps tors ion after t ip-s tabi l izer   reentry 
MW-17 

1 145-cps  bending and torsion after t ip-s tabi l izer   reentry 
MW-18 

2 70-cps vibration from 5 seconds u n t i l  shutdown; 124- and 
70-cps torsion after t ip-s tabi l izer   reentry 

(b) Approximate times for particular  events 

Approximate 

ps ia  sec 
pressure, time , 

Stagnation 

0 t o  1.2 

"" 1.7 t o  11.0 

>loo 1.7 t o  u . 5  

<50 

13.4 t o  end <50 

Model condition 

~~ 

Violent model buffeting 

Test conditions  exist 

Tip  s tabi l izer   out  of airstream 

Violent model buffeting 
I 
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(a) Model MW-4-(2). 

Figure 1.- Construction of m u l t i w e b  wing models. All dimensions are i n  
inches. 
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(b) Model MW-16. 

Figure 1. - Continued. 
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( c  ) Model MW-17. 

Figure 1. - Continued. 
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(d) Model MW-18. 

Figure 1. - Concluded. 



L-80729.1 
Figure 2.- Photograph  showing  installed  instrumentation  in  interior of 

model MW-16 prior  to  final  assembly. 
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Figure 3.- Location  of  instrumentation  of  multiweb w i n g  models.  Where 
two  wire  strain  gages  are  listed,  the  second is on the  far  skin. 
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I 
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(b) Model MW-16. 

Figure 3 .  - Continued. 



NACA RM L57L13 

0 Thermocouple 

++ wire strain gage 

0 
27-inch jet 

J "_ - _""" 

(c ) Model MW-17. The  symbol @ denotes  a  dimension of 3/8 inch 
between  thermocouple  and  wire-strain-gage  center  line. 

Figure 3.- Continued. 
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(d) Model MW-18. The  symbol @ denotes  a  dimension of 3/8 inch 
between  thermocouple  and  wire-strain-gage  center  line. 

33 

Figure 3. - Concluded. 
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Figure 4.- Model i n   p l ace   a t   nozz le   ex i t  p r ior  to t e s t .  E81922 
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U 2 4 6 8 IO 12 14 16 
Time, sec 

Figure 5.- Typical  variation of stagnation  pressure with time. 
Model "1.8; test 1. 

0 Low-temperature test 

0 2 4  6 8 IO 12 14 I 
Time, sec 

Figure 6.- Typical  variation of stagnation  temperature with time. 
.Elevated-temperature  test data are  from  test 1 of model MW-18; 
low-temperature  test data are from test 1 of MW-4-(2). 
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7.620 SEC 7.622 .SEC 

7.650 SEC 7.652 SEC 

7.661 SEC 7.663 SEC 

7671 SEC X 7 5  SEC 

L-57-4443 
Figure 7. - Flut te r  and failure sequence  of model MW-4-(2) a t  a = Oo. 

Flutter  frequency, 240 cps; air flows from l e f t  t o   r i gh t .  
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Figure 8.- Typical  model  temperature  histories  during  a  high-stagnation- 
temperature  test.  Model MW-18; test 1. 
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0 4 8 12 16 2 0  
Distance from root, in. 

Symbol Model and test 

0 MW-4-(2), test no. 2 

0 MW-16, test no. 2 

0 MW-16,test no.3 

A MW-  IS, test no. 4 

A MW-17, test no.1 

d MW-17, test no.2 

0 MW-18, test  no.1 

Q MW-18,test no.2 

(a)  Spanwise  temperature  distribution along model midchord. 

Figure 9.- Skin-temperature  distribution  at 6 seconds  test  time for 
elevated-temperature  tests.  For  comparison  purposes,  the  tempera- 
tures  have been normalized  on  the  basis of the  test  conditions 
experienced  by  model MW-18 during  test 1. 
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(b) Chordwise temperature distribution  at  approximately 1-7 .e5 inches 
from the root. 

3 
Distance from leading edge ,  in. 

( c )  Chordwise tempereture distribution  at  approximately  the midspan. 

I . 

I 

. .. ~- 

"_ 

I 1 
16 20 

Distance from leading edge, in. 

(d) Chordwise temperature distribution  at  approximately 2 inches from 
the  root. 

Figure 9. - Concluded. 
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Distance from  root, in- 

(a) Difference  in  temperature  between web 3 and  the  skin 
at  the  midchord. 

Distonce from root, in. 

0 

(b) Difference in temperature  between  web 4 and  the  skin 
at  the  center chord. 

0 MW-4-(2), test no, 2 d MW--17, test n0.l 

0 MW-16, test no.2 d MW-I 7, test no .2  

0 MW-16, test no.3 0 MW-18, test no.1 

A MW-16, test n a 4  0 M W-18, test no.2 

Figure 10.- Difference  between skin temperatures  and  web  temperatures 
at 6 seconds  test  time. 



P 

' I  

17 8.544 
7.000 4 

c 

I 
Figure 11.- Idealized  cross  section  used  to  calculate  thermal  stresses  from  the  experimental 

temperature  distribution.  The  cross  section  is  geometrically  doubly  symmetric. 
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Figure 12.- Calculated  stresses  about the midchord a t  a section 3 inches 
from t h e   t i p  of model MW-18 dur ing   tes t  1. 

NACA - Langley Field, Va. 



A motion-picture film supplement,  carrying  the same c la s s i f i ca t ion  
as the  report ,  i s  available on loan.  Requests w i l l  be f i l l e d   i n   t h e  
order  received. You w i l l  be no t i f i ed  of the  approximate  date  scheduled. 

The f i lm (16 .m., 8 min., B&W, s i l e n t )  shows the   en t i r e  f i rs t  tes t  
of model MW-18 and  both  tests of model MW-4-(2) with  pictures  taken a t  
128  frames  per  second.  Additional  sequences are taken from cameras 
operating  at   about 700 frames per second of the  tests of  model MW-4-(2) 
t o  i l l u s t r a t e   t he   sma l l - ampl i tude   f l u t t e r   t yp ica l  of many t e s t s  and t o  
show t h e   f l u t t e r  failure of t es t  2. Timing lights  provide  l/l0-second 
timing . 

Requests f o r  the  f i lm  should be addressed t o   t h e  

Division  of  Research  Information 
National  Advisory Committee for  Aeronautics 
1512 H S t r ee t ,  N. W. 
Washington  25, D.  C .  

NOTE: It w i l l  expedite  the  handling of reques ts   for   th i s   c lass i f ied   f i lm 
i f   appl ica t ion   for   the   loan  is  made by the  individual   to  whom t h i s  copy 
of the  report  w a s  i s sued .   In   l ine   wi th   es tab l i shed   po l icy ,   c lass i f ied  
mater ia l  i s  sent  only  to  previously  designated  individuals. Your coopera- 
t i o n   i n  this regard w i l l  be appreciated. 
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